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EPOXY RESINS OF CONTROLLED CONVERSION 
AND A PROCESS FOR THEIR PREPARATION 

The present invention relates to epoxy 
resins; to a process for preparing said resins and 
5 to compositions containing these resins. 

Due to their physical and chemical prop- 
erties such as resistance to chemical attack, good 
adhesion to- various substrates, solvent resistance 
and hardness, epoxy resins are useful in a wide 

10 variety of commercial applications including the 
coating of various substrates such as metal, wood 
and plastic, and the preparation of structural 
and electrical laminates- In many applications 
such as the coating of the interior of containers 

15 ("cans"), the epoxy resin is applied from an organic 
liquid solution or aqueous dispersions. 

Epoxy resins of differing molecular weight 
(so-called "advanced epoxy resins") can be prepared 
by the reaction of a polyepoxide such as the diglycidyl 
20 ether of bisphenol A with a polyhydric phenol such 
as bisphenol A. 
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The molecular weight of the epoxy resin 
generally affects the softening point, melt viscosity 
and solution viscosity of the epoxy resin as well 
as the physical and chemical properties of the cured 
5 product prepared therefrom. It is often desirable 
to prepare as high a molecular weight epoxy resin 
as practical to provide a product of sufficient 
toughness. High molecular weight resins are gener- 
ally prepared by a two-step process wherein a lower 
10 molecular weight epoxy resin is prepared initially 

by reacting a polyhydric phenol with epichlorohydrin 
and alkali metal hydroxide in the presence of a 
catalyst. Thereafter, the initial polyepoxide 
reaction product is advanced by its reaction with 
15 additional amounts of polyhydric phenol to form 

the higher molecular weight material. In conven- 
tional techniques for preparing the epoxy resins, 
the reaction of the polyepoxide and polyhydric 
phenol is typically carried to complete conversion 
20 such that the final, advanced epoxy resin contains 

relatively low amounts of residual phenolic hydroxyl 
groups. For example, epoxy resins having" an EEW 
(epoxy equivalent weight) between 500 and 700 pre- 
m pared from bisphenol A and the diglycidyl ether of 
25 bisphenol A typically contain less than 800 parts 

per million of phenolic hydroxyl groups which repre- 
sents more than 98 percent conversion of the phenolic 
hydroxyl groups employed in preparing the epoxy resin. 
A higher molecular weight epoxy resin having an EEW 
from greater than 2000 to 4000 typically contains 
less than 2500 ppm of phenolic OH groups which repre- 
sents more than 95 percent conversion of the phenolic 
hydroxyl groups. Any residual hydroxyl groups in 
the advanced resin have been stated to cause viscosity 
instability of the resulting resin mixture, particularly 
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at elevated temperatures. As a means for controlling 
the stability of the resin due to the unreacted 
phenolic hydroxyl groups, U.S. Patent No. 3,842,037 
suggests adding a strong, inorganic acid when at least 
5 85, more preferably at 95, percent of the phenolic 
hydroxyl groups employed in the advancement reaction 
have been reacted. 

Alternatively, in another method for pre- 
paring a high molecular weight epoxy resin, U.S. 

10 Patent No. 3,352,825 teaches condensing a dihydric 
phenol with an excess of epichlorohydrin in the 
presence of a catalyst such as an alkali metal or 
ammonium salt of an inorganic monobasic acid to 
form an intermediate having a free hydroxyl con- 

15 tent in the range of from 0.2 to 0.95 phenolic- 
hydroxyl group per mole of said dihydric phenol. 
Subsequently, the excess epichlorohydrin is removed 
and the intermediate condensate subsequently dehy- 
drogenated, using caustic alkali and simultaneously 

20 the free phenolic hydroxyl groups are reacted with the 
epoxy groups formed in situ. 

Unfortunately, increasing the molecular 
weight of an epoxy resin also generally increases 
the melt and solution viscosities of the resin. 
25 Such increase in melt and solution viscosities 
renders the application of the epoxy resin more 
difficult. 

One method by which the melt and solution 
viscosities of an epoxy resin can be reduced for a 
30 given EEW is by regulating the chain growth using 
a mono functional reactant such as a mono functional 



phenolic or epoxy compound as a capping agent. 
Unfortunately, the use of these capping agents 
results in a formation of an epoxy resin having 
reduced epoxy functionality and a lower softening 
point at a given EEW. The reduction in epoxy func- 
tionality markedly reduced the physical properties 
such as toughness of the cured resin product pre- 
pared therefrom. 

In view of the aforementioned charac- 
teristics of the epoxy resins known in the prior 
art, it would be highly desirable to provide an 
epoxy resin having a lower melt and/or solution 
viscosity without a coincindent and significant 
decrease in the softening point of the resin or 
in the physical properties of the resulting products 
prepared from the resin. 

Accordingly, in one aspect, the present 
invention is an epoxy resin comprising the reaction 
product of a polyepoxide and a polyol characterized 
in that the reaction product contains botfi epoxy groups 
and terminal hydroxyl groups in an amount of at least 
0.25 weight percent of each of the epoxy groups and 
the terminal hydroxyl groups, said weight percent 
being based on the total weight of the epoxy resin 
reaction product* 

The epoxy resins of the present invention, 
which are hereinafter referred to as Controlled 
Conversion Resins (CCR resins ), offer- a" significant 
number of advantages over conventional epoxy resins 
which are fully converted and contain essentially 
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no terminal hydroxyl groups. For example, the melt 
and solution viscosity of the CCR resins are reduced 
when compared to conventional epoxy resins having the 
same EEW. Moreover, the epoxy resins of the present 
5 invention are capable of being cured to chemically 
resistant products having physical properties which 
are essentially" equivalent to conventional resins. 

Due to the fact that CCR resins contain 
both epoxy and terminal hydroxyl groups, the CCR 
resins can constitute a convenient homogeneous, 
one-component system which need not require an 
additional hardener. For example, solid CCR resins 
can be formulated into a powder coating by the 
addition of an accelerator only. In general, these 
powder coating formulations exhibit increased sta- 
bility against sintering as compared to a conventional 
epoxy resin- formulation due to their higher soften- 
ing point at a given melt viscosity. 

Due to the lower solution viscosity of the 
20 CCR resins, the resins are capable of being formulated 
in an organic liquid at a higher solids level than 
conventional epoxy resins having the same EEW to pre- 
pare solutions having equivalent viscosities. Such 
high solid epoxy resin formulations can be conven- 
25 iently applied to a substrate to form a coating 

of equivalent flexibility and chemical resistance 
as a coating prepared from a conventional epoxy 
resin applied from a solution of lower solids con- 
tent . 
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In another aspect, the present invention 
is a process for preparing an epoxy resin by 
reacting a polyepoxide with a polyol in the 
presence of a catalyst for the reaction of an epoxy 
5 group with a hydroxyl group characterized by termina- 
ting the reaction at a point at when the reaction 
product contains at least 0.25 weight percent 
of each of the epoxy groups and the terminal 
hydroxyl groups, said weight percent being based 
10 on the total "weight of the epoxy resin reaction 
product. 

The polyol component advantageously employed 
in preparing the CCR resin is a polyhydric alcohol 
containg an average of more than one hydroxyl group, 

15 preferably 1.8 or more hydroxyl groups, reactive 
with the epoxy groups of the polyepoxide. The 
polyols. can. be saturated or unsaturated aliphatic, 
eye lo aliphatic , aromatic or heterocyclic compounds 
which can be substituted with one or more non-interfering 

20 substituents such as halogen atoms or ether radicals. 

In general, the preferred polyols are polyhydric phenols. 
The polyhydric phenols advantageously employed in pre- 
paring the epoxy resins are polyhydric phenols repre- 
sented by the following structural formula: 




wherein each A is independently -O-; -S-, -S-S-, 
30 -CO-, -S(O)-, -S(0) 2 -, a divalent hydrocarbon radical 
containing from 1 to 8 carbon atoms or an oxygen, 
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sulfur, or nitrogen containing hydrocarbon radical 
or a covalent bond; each X is independently hydro- 
gen, halogen or an alkyl group containing from 1 to 4 
carbon atoms and n has an average value of 0 to 5, 
preferably from 0 to 2 ; and the novolac resins 
(phenol-aldehyde) condensates of the formula: 



10 




(II) 



wherein each R is individually hydrogen or an alkyl 
radical having from 1 to 4 carbon atoms, each Y is 
15 independently hydrogen, chlorine, bromine or a lower 
alkyl group and m has an average value from 0 to 10, 
Mixtures of one or more polyhydric phenols are also 
suitably employed herein. 

Preferably, the polyhydric phenol is a 
20 polyhydric phenolic compound of the general struc- 
tural formula (I) wherein A is a divalent hydro- 
carbon radical having from 1 to 8 carbon atoms , 
each X is hydrogen, and n has an average value of 
from 0 to 0*5, more preferably 0. Most preferred 
25 of the polyhydric phenols is 2 , 2-bis ( -4-hydroxy 

phenyl) propane, commonly referred to as bisphenol 
A (BPA) . 

The polyepoxide component useful in pre- 
paring the ep.oxy resin of the present invention is a 
30 compound having two or more epoxide groups. The 

polyepoxides can be saturated or unsaturated aliphatic, 
cycloaliphatic, aromatic or heterocyclic compounds and 
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can be. substituted with one or more non- interfering 
substituents such as halogen atoms or ether radicals 
which are not reactive with the epoxy or hydroxyl 
groups at the conditions at which the CCR resins are 
5 prepared. The polyepoxide component which is reacted 
with the polyol to form the CCR resin can be mono- 
meric or polymeric. 

Illustrative examples of epoxy resins useful 
herein are described in The Handbook of Ep oxy Resins 
10 by H. Lee and K. Neville, published in 1967 by 

McGraw-Hill, New York, in appendix 4-1, ppgs. 4-35 
through 4-56. 

Polyepoxides of particular interest in the 
practice of this embodiment include the polyglycidyl 
15 ethers of bisphenol compounds represented by the 
general structural formula: 



A 

CH 2 -CH-CH 2 -0 



20 




wherein each A and X are as described above in the 
description of formula (I) and n has an average value 
of 0 to 4, preferably 0 to 2, most preferably from 
25 0 to 0.5; the polyglycidyl ethers of a novolac resin, 
i.e., phenol aldehyde condates of the formula: 

A ■ A 



0-CH 2 -CH-CH 2 0-CH 2 -CH-CH 2 , - " O-CH^CH-CEj 




-CH- 



30 Ur-> 1 I 

R 




(III) 



IV 
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wherein R, Y and m are described as above with refer- 
ence to formula (II); polyglycidyl ethers of polyglycols 
such as the diglycidyl ether of polypropylene glycol; and 
the polyglycidyl ethers of tris (phenol ) me thane. Mixtures 
5 of one or more polyepoxides are also suitably employed 
herein. Preferred polyepoxides are the liquid poly- 
glycidyl polyethers of a bisphenol, particularly the 
diglycidylether of bisphenol A; the polyglycidyl 
polyethers of a tetrabromobisphenol, particularly 
10 the diglycidylether of tetrabromobisphenol A and 
mixtures thereof. 

The polyepoxide and polyol are advantageously 
employed in an amount such that the number of epoxy 
equivalents in the polyepoxide to the number of hydroxyl 

15 equivalents of the polyol is from 0.1:1 to 10:1. 
Preferably, the polyepoxide and polyol components 
are employed in a -ratio from 0.3:1 to 5:1, more 
preferably from 0.3:1 to 2:1, epoxy equivalents to 
hydroxyl equivalents. The relative proportions of 

20 the polyepoxide and polyol- components most advan- 
tageously employed will be dependent on a" variety 
of factors including the specific polyepoxide and 
polyol employed and the desired properties of the 
epoxy resin prepared therefrom. In a preferred 

25 CCR resin, the polyepoxide component is employed 
in less than a stoichiometric amount. In a most 
preferred embodiment, from 0.6:1 to 1.6:1 hydroxyl 
equivalents are employed for each epoxy equivalent 
of the polyepoxide. 

30 in preparing the CCR resins, the polyol 

and the polyepoxide components are contacted in the 
presence of a catalyst for the reaction between the 
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hydroxyl groups of the polyol and the epoxy groups 
of the polyepoxide and at conditions sufficient to 
form the desired CCR resin. Preferably, this reac- 
tion is conducted neat, i.e., in the absence of * 
any reaction diluent. 

Materials capable of catalyzing the stated 
reaction are well-known in the art and reference 
is made thereto for the purposes of this invention. 
Illustrative catalysts are set forth in U.S. Patent 
10 Nos. 2,216,099; 2,633,458"? 2,658,855; 3,377,406; 
3,694,407; 3,948,855; 4,389,520; 4,354,015; and 
3,477,990 and The Handbook of Epoxy Resins by H. Lee 
and K. Neville, published iri 1967 by McGraw-Hill, 
New York. Representative of the described catalysts 
15 are secondary and tertiary amines, preferably tertiary 
amines* such as benzyl dimethyl amine , triethyl amine 
and benzyl diethyl amine; the alkali metal hydroxides 
e.g., potassium hydroxide.; quaternary ammonium com- 
pounds such as tetr alky 1 ammonium halides, e.g., tetra- 
20 methyl ammonium chloride and phosphines and quaternary 

phosphonium salts such as triphenyl phospMne and ethyl- 
triphenyl phosphonium acetate- acetic acid complex. 

The catalyst is typically employed in con- 
ventional amounts. These amounts will vary depend- 

25 ing on the specific catalyst, polyepoxide and polyol 
employed but will preferably vary from 0.005 to 1 
weight percent based on the total weight of the polyol 
and polyglycidyl ether components. More preferably, 
from 0.01 to 0.5 weight percent of the catalyst is 

30 employed, said weight percent being based on the total % 
weight of the polyol and polyepoxide components. 
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Al though not preferred, the reaction of the 
polyol and polyepoxide components can be conducted 
in the presence of a reaction diluent. If employed, 
the reaction diluent is preferably a solvent for or 
miscible with both the polyol and polyepoxide com- 
ponent. Representative solvents which can be employed 
include various glycol ethers such as ethylene or 
propylene glycol monomethylether and esters thereof 
such as ethylene glycol monoe thy 1 ether acetate; 
ketones such as methylisobutylketone, methylethyl- 
ketone and acetone; and aromatic hydrocarbons such 
as toluene, xylene or mixtures thereof. If employed, 
the organic liquid reaction diluent, is generally 
employed in an amount from 5 to 300 percent based 
on the total weight of the polyol and polyepoxide 
components . 

The reaction of the polyol and polyepoxide 
is advantageously carried out at an elevated tem- 
perature, preferably from 60°C to 200°C, more pref- 
erably from 100 °C to 180° C. The reaction is con- 
tinued until the desired conversion, as determined 
by measuring the residual epoxy and terminal hydroxyl 
content in the resin, at which point, the reaction 
is effectively terminated. 

Any method which effectively inhibits the 
reaction upon reaching the desired degree of conver- 
sion can be employed herein. The reaction is effec- 
tively inhibited when the rate of reaction of the 
hydroxyl and epoxy group is sufficiently reduced 
such that further reaction, if any, does not sig- 
nificantly and deleteriously affect the product 
or its handling characteristics. Preferably, 



WO 86/01216 PCT/EP8S/00416 

-12- 

the reaction is sufficiently inhibited such that 
the solution viscosity of the CCR resin remains 
essentially constant or increases only marginally 
with time. For example, upon reaching the desired 
5 degree of conversion the reaction mixture can be 
quenched to stop the reaction- However, the rapid 
quenching of the reaction mixture must be conducted 
carefully to prervent clotting or lumping of the CCR 
resin and to prevent the CCR resin from forming a 
10 large solid mass which cannot subsequently be used. 

A convenient method for cooling the reaction 
mixture comprises the addition of a solvent to the 
mixture, thereby diluting the mixture and reducing 
its temperature. The amount of organic solvent to 
15 be added is dependent on the reaction temperature 

and the temperature at which reaction is effectively 
terminated.- The addition of organic solvent to the 
reaction mixture is particularly preferred when the 
CCR -resin is subsequently to be applied from solution. 

20 A most preferred method for inhibiting the 

reaction comprises adding a material to the reaction 
mixture which effectively inhibits further reaction 
such as by deactivating the catalyst, or by inter- 
rupting the reaction mechanism, thereby inhibiting 

25 further reactions between the polyol and the poly- 
epoxide. 

Strong inorganic and organic acids and 
the anhydrides and esters of said acids' (including 
half esters and part esters) have been found to be 
30 particularly effective as reaction inhibitors. By 
the term "strong acid" it is meant an organic acid 
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* 

having a pK o value below 4, preferably below 2,5. 
a 

Representative reaction inhibitors include inorganic 
acids such as hydrochloric acrid, sulfuric acid and 
phosphoric acid; inorganic acid anhydrides such as 
5 phosphoric acid anhydride (P 2 °5^ ; esters of inorganic 
acids such as dimethyl sulfate; the organic acids 
such as alkyl, aryl and aralkyl and substituted alkyl, 
aryl and aralkyl sulfonic aicds such as p-toluene 
sulfonic acid and phenyl sulfonic acid and stronger 

10 organic carboxylic acids such as trichloroacetic 

acid and alkyl esters of said acids, such as the alkyl 
esters of p-toluene sulfonic acid, e.g., methyl-p- 
toluene sulfonate, and ethyl-p-toluenesulfonate and 
methanesulfonic acid methylester . An example of an 

15 acid anhydride of a strong organic acid that can be 

employed herein is p-toluene sulfonic acid anhydride. 
Of the reaction inhibitors, the alkyl esters of 
sulfuric acid; the aryl or aralkyl sulfonic acids 
and the alkyl esters of said acids are preferably 

20 employed herein. Most preferably, an alkyl ester 
of para- toluene sulfonic acid, particularly methyl 
or ethyl -p-toluene sulfonic acid is employed as 
the reaction inhibitor herein. 



The amounts of reaction inhibitor added to 
25 the reaction mixture are dependent on the specific 
inhibitor employed and the catalyst employed in 
preparing the CCR resin. In general, the inhibitor 
is added in an amount sufficient to overcome the 
catalytic activity of the catalyst. Preferably, 
30 at least 0.9, more preferably at least 2, equiv- 
alents of the inhibitor are added for each 
equivalent of the catalyst employed. Although 
the maximum amount of inhibitor added to the 
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reaction mixture is dependent on the desired 
properties of the resin and the expense of adding 
excess inhibitor, the inhibitor is preferably added 
in an amount not exceeding 5 equivalents for each 
5 equivalent of catalyst in the reaction mixture. 

The reaction is terminated at a point 
such that the resulting CCR resin contains the 
desired amounts of epoxy groups and terminal 
hydroxyl groups. In this invention, the CCR resin 
10 will contain at least 0.25 percent, by weight, of 
each of the epoxy and terminal hydroxyl groups - 
By the term "epoxy group" it is meant a radical 
of the following structural formula: 



. H H 




having an equivalent weight of 43 and by the term 
"terminal hydroxyl group" it is meant a terminal 

20 hydroxyl group having an equivalent weight of 17. 
For the purposes of this invention, the percent 
epoxy groups in the CCR resin reaction product is 
determined by the method described in Footnote (1) 
of Table I. The percent terminal phenolic hydroxyl 

25 groups is determined by the method described in 
Footnote 2 of Table I . 

The hydro ly z able chloride content of the 
CCR resin is generally less than 1 and often less 
than 0.5 percent based on the total weight of the 
30 epoxy resin reaction product. However, a hydro lyz- 
able chloride content of up to 5, preferably up to 
2, weight percent based on the total weight of the 
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epoxy resin reaction product can be tolerated. The 
amounts of hydrolyzable chloride are determined for 
the purpose of this invention by the method described 
in The Handbook of Epoxy Resins by H. Lee and K. Neville 
5 (supra) pages 4-29 and 4-30 (Table 4-23). 

Although the amount of epoxy groups and 
terminal hydroxyl groups most advantageously con- 
tained by the CCR resin is dependent on the desired 
properties of the CCR resin, e.g., its solution 

10 viscosity, the CCR resin preferably contains at least 
0.5, more preferably at least 1, percent of epoxy 
groups and at least 0.25, more preferably at least 
0.5, percent of terminal hydroxyl groups, said weight 
percents being based on the total weight of the CCR 

15 resin. In general, the CCR resin preferably comprises 
less than 20, more preferably less than 12, weight per- 
cent of epoxy groups and less than 10, more preferably 
less than 5 weight percent of the terminal hydroxyl 
groups. 

20 Conversion of the polyol and polyepoxide 

components is controlled such that the CCR resin 
contains the desired amounts of epoxy and hydroxyl 
groups. This conversion is dependent on the amount 
of polyol and epoxide employed. Advantageously, at 

25 least 10 percent and up to 95 percent of the deficient 
component or, if the components are employed in equiva- 
lent amounts, of both components are reacted. Prefer- 
ably, at least 35, more preferably at least 45, most 
preferably at least 55, and up to 95, more preferably 

30 up to 90, most preferably up to 85, percent of the 
deficient component are reacted- 
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The molecular weight (number average) of the 
CCR resin is dependent on the desired end-use applica- 
tion of the CCR resin and the physical and chemical 
properties required for said end use- Preferably, 
5 the CCR resins have a molecular weight of less than 
10,000. More preferably, the CCR resins will possess 
molecular weights of less than 4000, most prefer- 
ably less than 2000, and more preferably more than 
300, most preferably more than 500 • 

10 In the practice of the present invention, 

the polyepoxide can be advanced with a polyol and, 
optionally, a polyacid to completion (thereby forming 
a resin having either only epoxy groups or terminal 
hydroxyl groups depending on which reactant is 

15 employed in excess) in one reaction step and there- 
after reacted with a polyol or a polyepoxide component 
to form the_CCR resin- However, more preferably, the 
polyepoxide such as the diglycidyl ether of bisphenol 
A is reacted, in a one-step reaction, with the polyol 

20 to form the desired CCR resin. 

Upon termination of the reaction, the CCR 
resin can be formulated into a number of different 
compositions for use in a variety of end-use appli- 
cations. For example, the CCR resin can be admixed 

25 with an accelerator *and, optionally, other adjuncts 
such as flow control agent to form a powder coating 
composition. Although no additional hardener is 
required since the CCR resin contains both unreacted 
epoxy and unreacted terminal hydroxyl groups, a 

30 hardener is often advantageously added to the powder 
coating. 
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Hardeners and accelerators conventionally 
employed in powder coating compositions can be employed 
in a powder coating composition of the CCR resin. , 5 
Such hardeners and accelerators are well-known in 
5 the art and reference is made thereto for the purposes 
of this invention. Representative accelerators include 
stannous salts of monocarboxylic acids , such as 
stannous octoate and stannous laurate, various alkali 
metal salts such as lithium benzoate, certain hetero- 
10 cyclic compounds such as imidazole and benzimidazole 
compounds and salts thereof, onium compounds such as 
quaternary ammonium and phosphonium compounds and 
tertiary amines and phosphines. 

Preferred accelerators for use in preparing 
15 the powder coating formulations are those which are 

solid at room termperature and include the imidazoles, 
particularly the alkyl substituted imidazoles such as 
2 -methyl imidazole, solid phosphines or amines such 
as triphenyl phosphine and phosphonium and quaternary 
20 ammonium compounds. Most preferred are the imidazoles. 

In preparing the powder coating composition, 
the amount of accelerator most advantageously employed 
will vary depending on the particular accelerator 
and the CCR employed. Preferably, the accelerator 
25 will be employed in an amount from 0.01 to 5 weight 
percent based on the weight of the CCR resin. More 
preferably, the accelerator is employed in an amount 
from 0.02 to 3 weight percent based on the weight 
of the CCR resin. 

30 Representative of the optionally employed 

hardeners are phenolic hardeners such as phenolic or 
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cresol.novolacs and the phenolic hardeners as described 
in British Patent Specification No I 1,429,076, 
dicyandiamide, acid anhydrides such as trimelletic 
anhydride and the acid functional polyesters. If 
5 employed, the hardeners are generally employed in 
an amount from 1 to 50 weight percent based on a 
total weight of the CCR resin. 

Alternatively, following preparation of 
the CCR resin, it can be dissolved in an organic 

10 liquid for subsequent application. Suitable organic 
liquids for preparing the organic liquid solution 
of the CCR resin are dependent on the particular 
CCR resin and the amounts of terminal hydroxyl and 
epoxy groups in the resin. In general, alcohols 

15 such as n-butanol, glycol ethers such as propylene 

glycol monomethyl ether and esters thereof, ketones, 
aliphatic or aromatic hydrocarbons such as xylene 
and chlorinated aliphatic and aromatic hydrocarbons 
are preferred. 

20 In preparing an organic liquid solution 

of the CCR resin, it is generally desirable to employ 
a hardener which is also soluble in the organic liquid. 
Such hardeners are well-known in the art and refer- 
ence is made thereto for the purposes of this inven- 
25 tion. Representative hardeners include phenoli'c 

resole resins such as the reaction product of phenol 
with an excess of formaldehyde and other hydroxymethyl- 
-containing benzene derivatives and alkylated deriva- 
tives thereof and amine- aldehyde condensates, commonly 
30 referred to as "aminoplast" or "aminoplastics" which 
are the condensation products of an aldehyde with an 
amine such as melamine, urea and benzoquanamine and 
the alkylated derivatives thereof. 
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The amount of the hardener most advantageously 
employed is dependent on a variety of factors including 
the end-use application for the organic liquid solution 
and the desired physical and chemical properties of 
5 said end-use application. Preferably, from 1 to 50 
weight percent of the hardener are employed based 
on the total weight of the CCR resin and hardener • 

In addition, it is often desirable to add a 
small amount of an inorganic acid to the organic liquid 
10 solution as a catalyst for the reaction of the CCR 
resin with the hardener- In general, the inorganic 
acid is preferably phosphoric acid and is used in an 
amount from about 0-1 to 5 weight percent based on 
the total weight of the organic liquid solution. 

15 The solids concentration at which the 

organic liquid solution is prepared is dependent 
on various factors including the desired viscosity 
of the resulting solution. In general, the organic 
liquid solution is formulated such that the solids 

20 content is as high as possible while maintaining a 

sufficiently low viscosity for effective application. 
Since the CCR resins exhibit a lower solution vis- 
cosity than conventional resins which would posess 
equivalent cured properties, the organic liquid 

25 solution of a CCR resin can generally be prepared at 
higher solids concentrations than an organic liquid 
solution of a conventional resin. For example, a 
CCR resin useful in coating applications is advan- 
tageously formulated as an organic liquid solution 

30 which comprises at least 40 percent of the CCR 

resin and any hardener employed based on the total 
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weight of the organic liquid solution. More pref- 
erably, the liquid solution contains at least 
50 percent, most preferably from 50 to 70 weight 
percent of the CCR resin and hardener. 

5 The following examples are set forth to 

illustrate the invention and should not be construed 
to limit its scope. In the examples, all parts and 
percentages are by weight unless otherwise specified . 
In the examples, the polyglycidyl ethers, polyols, 
10 catalysts and reaction inhibitors are designated 
as follows: 



o«nioiflfli t 
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Component 
Polyepoxide 



10 



Polyol 



15 



Catalyst. 



20 



Reaction 
Inhibitor 



25 



Designation 
A 

B 



D 
E 
F 
G 



H 
I 
J 
K 
L 

M 
N 



Descriptions 

Diglycidyl ether of bis- 
phenol A having an EEW 
of 180 

Epoxy novolac resin having 
a functionality of 3.6 
and an EEW of 179.4 

An aliphatic diglycidyl 
ether of polyglycol 
having an EEW of 324.2 

Bisphenol A 

Hydroquinone 

Ethylene glycol 

Ethyl triphenyl phospho- 
* nium acetate mbnoacetic 
acid complex (70 weight 
percent solution in 
methanol ) 

N- Ethyl morpholine 

N-Methyl morpholine 

Potassium hydroxide 

Dime thy lethanol amine 

Methyl ester of para- 
toluene sulfonic acid 

Para- toluene sulfonic acid 

Dimethylsul f ate 
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Ex ample >1 

Into a suitably sized reaction vessel equipped 
with a heating mantle and a nitrogen sparger was added 
589.6 grams (g) (3.28 equivalents) of Polyepoxide A 
and 210.4 g (1.85 equivalents) of Polyol D (the ratio 
of epoxy equivalents to hydroxyl equivalents being 1.77:1). 
The components were mixed together and heated to 90 °C 
to dissolve the polyol in the polyepoxide. Then 
0.2 g of Catalyst G were added to the reaction 
mixture. The reaction mixture containing the catalyst 
was stirred and maintained at 120 °C for 2% hours and 
than at 125 °C for 2h hours. At this time, the resin 
contained a significant number of terminal hydroxyl 
groups. The reaction was then stopped by pouring 
the reaction product on the aluminum foil where it 
was immediately cooled and solidified. 

Example 2 

A CCR resin was prepared using the same 
techniques as employed in Example 1 except that 
20 582.4 g (3.24 equivalents) of Polyepoxide A and 
217.6 g (1.91 equivalents) of Polyol D (epoxy: 
hydroxyl equivalents = 1.69:1) were employed. 

Example 3 

A CCR resin was prepared using the techniques 
25 of Example 1, except that 716.8 g (3.98 equivalents) 
of Polyepoxide A, 283.2 g (2.48 equivalents) of 
Polyol D (epoxy: hydroxyl = 1.61:1) and 0.35 g of Catalyst 
G were employed. The reaction mixture was stirred 
and maintained at 135 °C for 1^ hours before the 
30 reaction was stopped by the method described in 
Example 1. 



10 



15 



WO 86/01216 



PCT/EP85/00416 



-23- 

Example 4 

A CCR resin was prepared using the techniques 
of Example 1 except that 695.5 g (3.86 equivalents) of 
Polyepoxide A, 304.5 g (2.67 equivalents) of Polyol D 
5 (epoxy:hydroxyl = 1.45:1) and 0.35 g of Catalyst G were 
employed. The reaction mixture was maintained, with 
continuous agitation, at 135°C for 1 hour and 40 
minutes . 

Comparative Example A 

10 An epoxy resin was prepared by the methods 

of Example 1, except that 3380 g (18.78 equivalents) 
of Polyepoxide A, 1120 g (9.82 equivalents) of Polyol 
D ( epoxy : hydroxy 1 = 1.91:1) and 1.13 g of Catalyst G were 
employed. The heat generated upon initial mixture of 

15 the reactants raised the temperature of the reaction 
mixture to 138 °C. The reaction was stirred and 
maintained at 13 0°C for three hours until there was 
essentially complete conversion of the polyol component. 
The chemical and physical properties, including the 

20 hydroxyl equivalent weight ("HEW 11 ), of the CCR resins 
prepared in Examples 1-4 and the epoxy resin prepared 
in Comparative Example A were measured and the results 
of said measurements are set forth in Table I. 

As evidenced by the data in Table I, the CCR 
25 resins of the present invention exhibit substantially 

lower melt viscosities than a conventional resin having 
about the same EEW. In addition, the softening 
point is not substantially reduced. 



WO 86/01216 



-24- 



PCT/EP85/00416 



CU 

> < 

CO r-l 

j-» a 
CO S 1 

a. co 
e 

O W 
CJ 



CO 

o 

m 



cm 

CM CO 
CM 

oo m 



o 



o 
o 
m 

CM 



o 

O fi o 

vO • CM 

O CO 



0) 
r— i 

€0 

X 

w 



CO 
CO 
CO 



f-H CO 

CM 

co in 



co » 



vO 
CM 



o 

O CM 
CM CM 
CM • 



0J 
i-4 
PU 

& CO 
CO 
X 
W 



vO 



CM 
vO 



O 



CM 

m 



CM 

m 



o 

vO 
CM 
CM 



ON 



o 

o co 

CO CM 
CM * 
O 



00 



NO 



W 



i— < 

a- 

.e cm 

CO 
W 



vO 



vO 

o 

vO 



ON 

O CM 
CO 

co m 



CO 
in 
-y 



co 



CO 



o 

O CM 
CM ^d* 

o 



o 

CO 



CD 
i— I 

ft. 

CO 

X 
U3 



CM 
vO 

m 



<o 



CO 

CU 

a: 



>» 

X 

O 03 

>% CU -i-l 

* • CO CU 

>> > u 

X "H O _ 

O 3 (U ? 

a- cr j3 c=3 
ww w 



o 

cm <r 

CM 

oo m 



o 

-H 

U 

CJ 
PS 



0) 
T3 
•H 

O- W 

w w 



CO 

ov 

CM 



CM 



CO 

m 



r-4 

o 

c • 



CO >x 

3 X 

TJ O 

•H J-» 

WO ^ 

a> >. w 

« x 2 



m 
m vO 
vo -3" 
- 

o 



w 

a. 

=5 
O 
J-» 
CD 



X ' 

o 
u 

£ 

o 



o 

o 

m 



o 

OO 



oo 
c 

•H 
C 

'H 
<0 

e 

<D 

os 



<o ^ 








>* 


cs 


4J CO 


•ft 


•i-4 • 


o 


CO CO 


a- 


o a« 




U w 


O0 


CO 


d 




•H 


> -0* 






oj in 






i-H CO 




cj a, 


O 


s u 


CO o 



WO 86/01216 PCT/EP85/00416 

-25- 

Footnotes - Table I 

(1) The weight percent epoxide groups in 
the CCR resin. This percentage was determined by 
preparing: 

5 (a) a perchloric acid solution by (1) placing 

250 ml of glacial acetic acid into a one liter 
flask, (2) adding and mixing 13 ml of a 60 
percent aqueous solution of perchloric acid 
into the flask,. (3) adding 50 ml of acetic 

10 anhydride to the flask, (4) filling the 

flask to 1 liter with glacial acetic acid 
and (5) allowing the mixture to age for 
8 hours to complete reaction between acetic 
anhydride and water. The perchloric acid 

15 solution is standardized using potassium 

acid phthalate (0.4 g of potassium acid 
phthalate in 50 ml of glacial acetic 
acid) or with the crystalline diglycidyl 
ether of bisphenol-A; 

20 .(b) a tetraethyl ammonium bromide (TEAB) 

solution by dissolving, at room temperature, 
with agitation, 100 g of TEAB in 400 ml of 
glacial acetic acid; 

(C) a 0.1 percent solution of crystal violet 
25 indicator in glacial acetic acid. 

A solution of the CCR resin was prepared 
using an amount of the CCR resin which contains 0.001 
to 0.002 equivalent of epoxy groups by initially 
weighing the amount of the sample (nearest milligram) 

30 into a 2 -ounce disposable glass bottle. Thereafter, 
10 ml of methyl chloride was added to the bottle. A 
clean magnetic stirrer was used to dissolve the sample 
of CCR resin and throughout titration. Subsequently, 
10 ml of the TEAB solution was added to the CCR resin 

35 solution and then 6-8 drops of crystal violet indi- 
cator were added. It was then titrated with 0.1 
N-perchloric acid to endpoint which is a sharp color 
change from blue to green and which is stable for 
30 seconds. 

40 The percent epoxide groups was then cal- 

culated using the formula: 

ogE =s F x B x 4.3 
W 
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t 

wherein %E = percent, by weight, of epoxy 

aroups in the CCR resin. ,,4.4 
groups p _ norma iity of pechloric acid solution 

B = the volume (in milliliters) of the 

5 " perchloric acid solution used in the 

titration to the endpoint m 

W = weight (in grams) of epoxy resin sample. 

(2) The residual phenolic hydroxyl is the 
weight percent phenolic hydroxyl groups in the era 

10 resin. This percentage was determined by dissolving 

the CCR resin in a basic medium such as pyridine and . 
titrating to endpoint with a strong base such as 
tetrabutyl ammonium hydroxide or sodium methyl ate. 
In this example, the percent hydroxyl was deter- 

15 mined Sy initially placing 75 ml of pyridine in a 
SS ml beaker fitted with a rubber stopper having 
two holes - one hole for a nitrogen inlet and the 
oSe? hole for the titration buret - and containing 
a magnetic stirrer. While agitating, the inside 

20 of the beaker was purged with nitrogen for 2 to 3 
minutes. An Azoviolet indicator, as a saturated 
Solution in benzene, was then added to the pyridine 
until the solution became a good straw yellow 
color. This mixture was titrated with 0*1 **- 

25 -tetrabutyl ammonium hydroxide to a blue end- 
• point which-' normally requires only a few drops. 
The nitrogen purge was continued for an additional 
2 to 3 minutes after this time. 

A sample of the CCR resin containing one 
30 millieguivalent or less of phenolic hydroxyl groups 
was dissolved into the pre-titrated Pyridine. The 
nitroaen blanket was maintained and the CCR resin 
allowed to dissolve. The solution was subsequently . 
titrated using a 0.1 N-tetrabutylammonium hydroxide 
35 to a blue endpoint. For accurate determination, 
the tetrabutylammonium hydroxide (TBAH) solution 
should contain no water. 

The weight percent hydroxide groups in the 
CCR resin were determined using the following formula: 

1.7 x N x (E-F) 

40 D = 

U 

wherein D = weight percent phenolic -OH groups 
in the CCR resin. 
N = the normality of TBAH solution 
• 45 E = the total volume of the TBAH 

titrant used in ml 
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F = the volume of the TBAH titraht 
in ml used in the pre- titration 

U = weight of the sample of the. CCR: 
resin in grams 

5 (3) The percent of hydroxyl groups remain- 

ing is the percentage of hydroxyl groups of the polyol 
component employed in preparing the CCR resin which 
remain unreacted, i.e., exist as terminal hydroxyl 
groups in the CCR resin. The percentage is calculated 
" 10 by the formula: 



* x 100 
m 

wherein n is the number of equivalents of terminal 
hydroxyl groups in the CCR resin and m is the number 
15 of equivalents of hydroxyl groups reactive with an 
epoxy resin contained by the polyol employed in the 
preparation of the CCR resin. 

(4) Melt viscosity is defined as the viscosity 
of the molten resin at the specified temperature as 

20 measured using an ICI cone and plate viscometer. 

(5) Softening point is defined as the tem- 
perature at which the epoxy resin suspended in a 
cup with a 6.35 mm hole in the bottom flows down- 
ward a distance of 19 mm" as the sample is heated at 

25 a linear rate in air. It was measured using ASTM 
test method designated D-3 104-77 using a Pettier 
softening point apparatus Model FP5/53 . 

Example 5 

A CCR resin was prepared using the techniques 
30 of Example 1 except that 2097.1 g (11.65 equivalents) 
of Polyepoxide A, 902.9 g (7.92 equivalents) of 
Polyol D and 1.05 g of Catalyst G were employed. 
The reaction mixture containing the catalyst was 
stirred and maintained at 130°C for 2.2 hours. 
35 At the end of this time, 0.69 g of Reaction 

Inhibitor L was added to the reaction mixture. 
The reaction mixture containing the reaction 
inhibitor was subsequently stirred and maintained 
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at 130°C for 1.3 hours. At this time, the reaction 
product was poured from the reactor and allowed to 
cool and solidify. 

Example 6 

5 A .CCR resin was prepared in the same manner 

as Example 5 except that 719.1 g (4.00 equivalents) 
of Polyepoxide A, 280.9 g (2.46 equivalents) of 
Polyol D and 0.35 g of Catalyst G were employed 
and the reaction mixture was maintained, with 

10 constant agitation, at 135° C for 2 hours. In addi- 
tion, following the addition of Reaction Inhibitor 
L to the reaction mixture, the reaction mixture 
containing the reaction inhibitor was stirred and 
maintained at 135°C for 50 minutes. At this time, 

15 the reaction product was poured from the reactor 
and allowed to cool and solidify. 

• comparative Example B 

An epoxy resin -was* prepared using the tech- 
niques of Example 5 except that 745.6 g (4.1 equi- 

20 valents) of Polyepoxide A, 254.4 g (2.23 equivalents) 
of Polyol D and 0.35 g of Catalyst G were employed. 
The reaction mixture was stirred and maintained at 
135°C for 2H hours. At this time, 0.23 g of Reaction 
Inhibitor L was added to the reaction mixture. The 

25 reaction mixture containing the reaction inhibitor 
was stirred and maintained at 135°C for H hour at 
whiqh time the reaction product was poured from the 
reactor and allowed to cool and solidify. 



The chemical and physical properties of 
30 the CCR resins prepared in Examples 5 and 6 and 

the epoxy resin prepared in Comparative Example B 
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were measured and the results of these measurements 
are set forth in Table II. 



Reaction 
Mixture 

Epoxy : Hydroxy 1 
Equivalents 

10 Theoretical 
EEW 

Reaction 
Product 

Epoxide, Wt. % i 1 ) 

15 EEW 

Residual Hydroxyl, 
Wt.; %. t (2) 

HEW 

Melt viscosity at 
20 150°C, cps ( 3 ) 

(Pa- s) 

Softening Point, 
°C ( 4 ) 



TABLE II 



Example Example 
5 6 



824 

7.72 
557 

0.942 
1810 



1.47:1 1.62:1 



663 

8.61 
499 

0.808 
2104 



300 240 
(0.300) (0.240) 

77.6 



Comparative 
Example B 



1.86:1 
535 

8.14 
528 

0.103 
16552 



590 
(0.590) 



73.8 



82.1 



( L ) Same as Footnote i 1 ) in Table I 

25 ( 2 ) Same as Footnote ( 2 ) in Table I 

( 3 ) Same as Footnote ( 4 ) in Table I 

( 4 ) Same as Footnote ( 5 ) in Table I 
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As evidenced by the results in the fore- 
going Table II, the CCR resins are again shown 
to exhibit lower melt viscosities than a conventional 
epoxy resin at similar EEW. 



5 Example 7 

"* A CCR resin was prepared using the techniques 

of Example 5 except that 2054.1 g (11.41 equivalents) 
of Polyepoxide A and 945.9 g (8.30 equivalents) of 
polyol D and 1.05 q of Catalyst G were employed. The 
10 reaction mixture containinq a catalyst was maintained 

at 135 °C for 2 hours. At this time, Reaction Inhibitor 
L (0.69 q) was added. Ten minutes after the addition 
of Inhibitor L, the mixture was found to have an EEW 
of 661 and a melt viscosity at 150°C of 610 cps (0.610 
15 Pa-s). The reaction mixture containinq the reaction 

inhibitor was stirred and maintained . at 135°C for 1 2/3 
hours. At .this time, the reaction product was poured 
from the reactor and allowed to cool and solidify. 
The resultinq product was found to have an EEW of 
20 676, an HEW of 1918, and contained 6.36 percent 
epoxy qroups and 0.89 percent terminal hydroxy 1 
qroups. This latter fiqure corresponded to 18.9 
percent of the hydroxy 1 qroups of the polyol com- 
ponent employed in preparinq the resultinq CCR resin. 
25 The melt viscosity of the CCR resin at 150°C was 670 
cps (0.670 Pa-s) and the softeninq point was 87.5°C. 
As evidenced by these results, the addition of the 
reaction inhibitor effectively limits further reac- 
tion of the epoxide and hydroxyl qroups. 

30 it should be noted from this example that 

the melt viscosity of the thus prepared CCR resin is 



RNQnorm -wo 
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not significantly higher than the epoxy resin of 
Comparative Example A, although the EEW is increased 
significantly. 

In a similar manner, a CCR resin was pre- 
pared except that the reaction mixture was maintained 
at 135°C for 3-25 hours. At this time, Reaction 
Inhibitor N (0.50 g) was added. Fifteen minutes after 
the addition of the reaction inhibitor, the mixture 
was found to have an EEW of 758 and a melt viscosity 
at 150°C of 1680 cps (1.680 Pa-s). The reaction mix- 
ture containing the reaction inhibitor was maintained, 
with agitation, at 135°C for an additional hour. The 
resulting product was found to have an EEW of 761 and 
a melt viscosity at 150°C of 1680 cps (1.680 Pa-s), 
thereby showing the effectiveness of this reaction 
inhibitor in terminating the reaction. 

Similar results were obtained using Catalyst H 
to prepare the CCR resin. 

Examples 8-15 

20 A series of CCR resins are prepared from 

Polyepoxide A, Polyol D and Catalyst G. The poly- 
epoxide and polyol components were used in amounts 
to give the epoxy : hydroxy 1 equivalents specified in 
Table III. The reaction temperature and the reaction 

25 inhibitor employed, if any, are set forth in Table III. 
When no reaction inhibitor was employed, upon obtain- 
ing the desired conversion, the reaction was stopped 
by the techniques of Example I. 



10 



15 • 



WO SWUM . , PCr/EMS/0041* 

• -32- 



Comparat ive Example C 

An epoxy resin was prepared using identical 
techniques to those of Example 7 except that the 
polyol component was fully converted. 

The chemical and physical properties of 
the CCR resins of Examples 8-15 and the epoxy resin 
of Comparative Example C are set forth in Table III. 
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Example 16 

A CCR resin was prepared by adding to a 
suitably sized vessel 611.5 g (3-4 equivalents) 
of Polyepoxide A, 388.5 g (3.41 equivalents) of 
5 Polyol D and 0.3 g of a 50 weight percent solution 
of Catalyst J in water. This reaction mixture was 
stirred and maintained at 135 °C for 2^ hours. At 
this time, prior to complete conversion of either" 
the polyglycidyl ether or polyol component, 0.75 g 

10 of Reaction Inhibitor L was added to the reaction 

mixture. The reaction mixture containing the inhib- 
itor was stirred for an additional 2 hours and 
maintained at 135 °C for this period. At this time, 
the reaction mixture was poured from the reactor 

15 and allowed to cool and solidify. 

The resulting product contained 4*61 per- 
cent of epoxy groups and 1.91 percent of terminal 
hydroxyl groups. The HEW of the CCR resin product 
was 892 and the EEW was 932. The melt viscosity at 
20 150°C was 700 cps (0.700 Pa-s)and the softening 
point was 90.3°C As evidenced by this example, 
a CCR resin was effectively prepared using equiva- 
lent amounts of the polyol and polyepoxide components . 

Example 17 

25 In an identical manner to that employed in 

Example 16, a CCR resin was prepared from equivalent 
amounts of Polyepoxide A (765.4 g) and Polyol E 
(234.6 g). The reaction -mixture containing 0.35 g 
of the Catalyst G was stirred and maintained at 

30 135°C for 2.6 hours at which time 0.23 g of Reaction 

Inhibitor L was added. The reaction mixture containing 
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the inhibitor was stirred and maintained at 135 °C 
for an additional 3 1/2 hours. The resulting 
product possessed an EEW of 986 and an HEW of 
1087. It contained 4.36 percent of epoxy groups 
5 and 1.56 percent of terminal hydroxyl groups based 
on the total weight of the CCR resin. The melt 
viscosity at 150°C was 1040 cps (1.040 Pa-s) and 
the epoxy resin possessed a softening point of 
88.5°C. 

10 Example 18 

A CCR resin was prepared by admixing 
629.8 g (3.5 equivalents) of Polyepoxide A, 51.1 g 
(0.7 equivalents) of adipic acid and 0.35 g of 
Catalyst G in a suitable sized reaction vessel. 

15 The mixture was stirred and maintained at 135°C 

for 1 2/3 hours. At this time, 319.1 g (2.8 equiva- 
lents) of Pplyol D and 0.35 g of Catalyst G were 
added to the reaction mixture. The reaction mixture 
was stirred and maintained at 135 °C for 1 2/3 hours. 

20 At this time, 0.46 g of Reaction Inhibitor L was 

added to the reaction mixture. The reaction mixture 
containing the inhibitor was stirred and maintained 
at 135°C for 2% hours. The resulting CCR resin 
which was prepared using equivalent amounts of the 

25 polyepoxide and the polyol components when the 

carboxylic acid is considered as a polyol, exhibited 
a melt viscosity at 150 °C of 545 cps (0.545 Pa-s) 
and a softening point of 83.7°C. The EEW of the 
resulting resin was 945. The resin contained 4.55 
30 percent epoxy groups and 1.8 percent terminal hydroxyl 
groups . 
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Example 19 

A CCR resin having a high EEW was prepared by 
reacting 504-4 g (2.80 equivalents) of Polyepoxide A 
and 295.6 g (2-59 equivalents) of Polyol D in the 
5 presence of 0.16 g of Catalyst G for 4 hours at 150*C. 
At this time, the reaction product was poured from the 
reactor, cooled rapidly and solidified. 

The EEW was 1795 and the HEW was 2550. The 
resin contained 2.4 percent epoxy groups and 0.67 
10 percent terminal hydoxyl groups. The CCR resin posses- 
sed a melt viscosity at 200°C of 1620 cps (1.620 Pa-s) 
and a softening point of 124° C. 

Comparative Example D 

For purposes of comparison, an epoxy- resin 
15 having a high EEW was prepared except that 522.6 g 
(2.90 equivalents) of Polyepoxide A, 277.4 g (2.43 
equivalents) of Polyol D and 0.16 g of Catalyst G 
•were reacted at 150°C for 3 1/3 hours. The polyol 
component at these conditions was essentially com- 
20 pletely converted. 

The resulting resin possessed an EEW of 
1744 and an HEW of 12947. Although the resin con- 
tained 2.47 percent epoxy groups, it contained less 
than 0.13 weight percent terminal hydroxyl "groups. 
,25 Although this is lower than the CCR resin prepared 
in Example 19, the melt viscosity at 200°C was 6400 
cps (6 .400 Pa- s) . 

Example 20 

A CCR resin was prepared by reacting 
30 537.6 g (2.99 equivalents) of Polyepoxide A and 

462 g (4.06 equivalents) of Polyol D in the presence 
of 0.35 g of Catalyst G at the conditions of Example 1. 
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The resulting CCP. resin had an EEW o£ 1295 and an HEW 
of S48-. It contained 3.32 percent epoxy groups and 
3 10 percent terminal hydrosyl groups . The softening 
point of the resin was 89.4'C and it had a viscosity 
at 1S0°C of 580 cps (0.580 Pa-s). 

& coating composition was prepared by 
blending 36.8 parts of the thus prepared «r-*» 
with 22 5 parts of a phenolic resin sold by Hoechst 
under the trade name Phenodur 8 PR 401 (70 percent 
solution in butanol), 36.7 parts of a mixture of 
organic liquids comprising 2 = 1 = 1 propylene glycol 
monomethyl ether= butanol= xylene. 0.5? parts of a 
25 weight percent solution of phosphoric acid in a 
glycol ether and 0.53 parts of a silicon flow agent. 
The resulting composition possessed a viscosity at 
29-C of 270 cps (0.270 Pa-s) and had a total solids 
content of J52.5 percent. 

^- rr =^aH-c-a Kxample E 

S - J2 conventional epoxy resin of Comparative 

Example D was also formulated into a can mating 
composition using the components of Example 20. 
However, to prepare a coating composition having a 
viscosity which is suitably employed in commercial 
operation, the organic ligud solution could contain 
, only 40 percent solids (i.e. , hardener plus the 

epoxy resin) and had a viscosity of 230 cps (0.230 

Pa-s) at 25°C. 

The coating compositions of Example 20 
and comparative Example E were applied to a tin coated 
steel substrate, the organic solvent evaporated and 
the resin cured... The resulting coatings were found 
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to exhibit similar properties. In particular, the 
coating exhibited similar flexibility as determined 
by the wedge bend test, similar chemical resistance 
as determined by boiling the coated substrate in an 
5 aqueous acid solution and similar adhesion as 
measured by cross-hatch testing . 

The CCR resins may be converted to powder 
form for the preparation therefrom of powder coating 
formulations . 
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1. An epoxy resin comprising the reaction 
product of a polyepoxide and a polyol characterized^ 
in that the reaction product contains both epoxy 
groups and terminal hydroxyl groups in an amount 

of at least 0.25 weight percent of each of the 
epoxy groups and the terminal hydroxyl groups, said 
weight percent being based on the total weight, of 
the epoxy resin reaction product. 

2. The epoxy resin as claimed in Claim 1, 
characterized in that the resin contains from 0.5 to 
less than 20 weight percent epoxy groups and from 0.25 
to less than 10 weight percent terminal Kydroxyl groups. 

3. The epoxy resin as claimed in Claim 1 
•characterized in that the reaction product has a 
number average molecular weight of less than 10,000. 

4. The epoxy resin as claimed in Claim 1 
characterized in that the terminal hydroxyl groups 
are phenolic hydroxyl groups. 
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5. A process for preparing an epoxy resin 
by reacting a polyepoxide with a polyol in the presence 
of a catalyst for the reaction of an epoxy group with 

a hydroxyl group characterized by terminating the 
reaction at a point when the reaction product contains 
at least 0.25 weight percent of each of the epoxy groups 
and the terminal hydroxyl groups, said weight percent 
being based on the total weight of the epoxy resin 
reaction product. 

6. The method as claimed in Claim 5, 
characterized in that the reaction is terminated 

by the addition of a solvent to the reaction mixture 
at desired conversion. 

7. The method as claimed in Claim 5-, 
characterized in that the reaction is terminated by 
the addition of a material which effectively inhibits 
further reaction of the epoxy and hydroxyl groups, the 
material being added in an amount sufficient to effec- 
tively inhibit the reaction. 

8. The method as claimed in Claim 5, 
characterized in that the reaction is terminated 
when from 10 to 95 percent of the deficient com- 
ponent or if the polyepoxide and polyol components 
are employed in equivalent amounts, from 10 to 95 
percent of both components have reacted. 

9. The process as claimed in Claim 7, 
characterized in that the inhibitor is a strong 
acid or an anhydride or ester of a strong acid. 
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10. The process as claimed in Claim 7, 
characterized in that the inhibitor is added in 
an amount of at least 1 equivalent per equivalent 
of catalyst employed. 
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